makes it necessary to investigate the suitability of different modulation techniques [2, 31. In addition, multipath optical channel frequency response [l] must be considered for overall evaluation. However, these systems can be affected by large dynamic variations of signal-to-noise ratio (SNR), leading to possible link failures. In this sense, a rate-adaptive transmission is preferred in order to make suitable the communication to the adverse channel conditions and, thus, the bit rate can be reduced or increased depending on the available SNR until a sufficiently low error probability can be attained [4, 51. To reach a larger distance, a rate-adaptive transmission scheme based on variable-rate repetition coding was proposed and specified in the advanced infrared (Air) standard by the Infrared Data Association (IrDA) [6] . In this Letter, we propose a new and simple rate-adaptive transmission scheme for use in wireless infrared links, based not only on pulseposition modulation (PPM) but also on on-off keying (OOK) formats with Gaussian pulses having a shortened duty cycle (OOK-GS). Here, variable silence periods are included in the transmission to accommodate the signalling rate to an adequate low error probability. In this way, a higher peak-average optical power ratio can be achieved, leading to an improvement in performance if compared with the scheme proposed by the IrDA. Simultaneously, a new characteristic is introduced since a wide dynamic range is attained, requiring a very low-complexity implementation.
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Rate-adaptive using variable silence times: From the results obtained in our previous works [2, 31, the advantage of using signalling techniques having a reduced duty cycle has been concluded. This allows a higher peak-average optical power ratio, providing better performance in intensity modulation and direct detection (IMIDD) channels, despite the availability of the same bandwidth limit in any case. This idea is applied to accommodate the transmission rate to the channel conditions using variable silence periods, so that the higher the rate reduction (RR), the larger the silence time. The increase in the peak-average optical power ratio is then used, the average optical power being maintained at a constant level. In these systems, identical average optical power represents the reference condition to establish the comparative analysis. Fig. 1 shows a basic frame structure according to the proposed procedure for the OOK-GS format (a), and for the 4PPM scheme (b), at various rate reduction factors. The performance of baseband infrared links in the same environment operating at a variable-rate is analysed. The bit rate is initially 5OMbitls and, depending on the channel conditions, can be reduced by following the procedure previously shown in Fig with Gaussian pulses and GPPM schemes when rate-adaptive transmission using variable silence periods is used
For the scheme proposed here, two detection procedures of different degrees of complexity are considered: maximum likelihood (ML) detection, and threshold (TH) detection. According to these detection techniques, and when the rate-adaptive transmission scheme shown in Fig. 1 is adopted, the output signal of the receiver matched filter is sampled at every one of L slots for each symbol, and the larger sample is assumed to be the right slot if an ML detector is adopted, i.e. soft-decision decoding. Alternatively, each sample is compared with a threshold if a TH detector is used, i.e. hard-decision decoding. If more than one sample is higher than the threshold, one of these positions is randomly assumed to be the right one. It is noted that these detection techniques have not been modified regarding the fixed-rate transmission scheme. However, for the IrDA proposed scheme based on repetition codes, we also obtain the results for ML detection. In this case, the signal at the matched filter output has been sampled RR times at every slot to form an accumulated value by slot, and the larger resulting value is assumed to be the right slot.
Similar conditions as in [2] , where a receiver with a memoryless slicer and a fixed-rate scheme were implemented, have been assumed: first, a diffuse channel model, according to [l] , corresponding to a favourable office environment, with a 5OMHz equivalent -3dB bandwidth; secondly, a three pole, Bessel, highpass filter with a -1dB cutoff frequency of 5OOkHz for interference suppression; and, thirdly, a five pole, Bessel, low-pass filter employed as a rough matched filter. The obtained results for the OOK-GS format having a duty cycle of 25% and the GPPM scheme are shown in Fig. 2 , together with the results obtained for the GPPM according to the classic variable-rate repetition coding and ML detection (dashed line). Relevant improvement in performance can be observed when the new rate-adaptive approach is adopted, if compared with the scheme based on repetition codes and a soft-decoding procedure. Therefore, for instance, we can achieve a cut in average optical power requirements above 3 and 4 optical dB for RRs of 4 and 8, respectively. It is noted that the detection procedure proposed by the IrDA is based on hard-decision decoding owing to its lower complexity. In this way, a TH detector, where each sample is compared with a threshold, is implemented, accumulating the number of samples higher than the threshold by each slot. 
Fig. 3 Block diagram of receiver structure considered in simulation process for OOK format using proposed rate-adaptive procedure
In addition, it can be observed that the OOK format maintains its better performance in relation to the GPPM scheme with the more rudimentary detector. However, the superiority of this rateadaptive scheme is not only based on its remarkable improvement in performance, but also on its significant low complexity implementation. Fig. 3 is a block diagram of the receiver structure considered in the simulation process for the OOK format, and it can be seen that the adaptiveness procedure using silence times is based on adding variable duration pauses in transmission which do not require any modification at encoding of information. Simultaneously, decoding is also greatly simplified since the receiver structure used in the fixed-rate scheme is not modified and its sampling rate can be reduced as the RR increases. Moreover, it follows from this rate-adaptive method that it can be implemented by changing the RR in a continuous way, which makes it more suitable for varying channel conditions. Conclusions: We have proposed a new and simple rate-adaptive transmission scheme based on the use of variable silence periods, especially suited to I M D D channels, which provides a signalling rate with a wide dynamic range. Our results show that this approach is superior in terms of performance and complexity, if compared with the scheme proposed by the IrDA. Of the Si-based RF components, the varactor plays one of the most important roles. Varactors can be used in many R F circuit applications, such as the LC tank of a voltage-controlled oscillator (VCO) [l, 21, to produce different VCO oscillation frequencies. As technology is scaled down, gate oxide capacitances increase due to thinner gate oxide thicknesses. The tuning range of MIS varactors
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can therefore be improved, leading to a greater potential range of MIS varactor applications [ 1 -41. Since the characteristics of varactors change tremendously with operating frequencies, an accurate equivalent MIS varactor model, which describes the behaviour of varactors at different frequencies, is an important role for on-chip silicon RFIC designs. To achieve this goal, a varactor model based on the general BSIM3v3 model is presented.
Fabrication of MIS varactor: An N+/n-well MIS varactor with a multi-finger structure gate was fabricated using 0 . 2 5~ CMOS technology. The gate length, finger length and finger number were l p n , 15pn and 8, respectively. The gate oxide thickness was 5.5nm. The structure of the MIS varactor was very similar to that of a PMOSFET, except that the P+ source/drain (S/D) area of the PMOSFET was replaced by an N+ area to eliminate the parasitic
